Amino acid utilization by Alcaligenes viscolactis for growth and slime production. J. Bacteriol. 89:1521Bacteriol. 89: -1525Bacteriol. 89: . 1965.-The ability of Alcaligenes viscolactis to utilize amino acids in a basal salts solution (K2HPO4, KH 2PO4, MgSO4, MnSO4, FeSO4, NaCl) was studied. Of 27 amino acids, only L-asparagine, L-glutamic acid, L-aspartic acid, L-glutamine, L-proline, and L-tyrosine supported growth sufficient to give a viscous supernatant solution. L-Proline and L-tyrosine, singly or combined, fulfilled the carbon, nitrogen, and energy requirements for growth and slime production. None of eight inorganic nitrogenous compounds supported growth with lactose as the carbon source. The addition of L-asparagine, L-aspartic acid, or L-glutamine to L-tyrosine or L-proline, singly or combined, did not increase growth or slime production, indicating no nutritional interactions among these amino acids. Neither lactose nor glucose was found to be required or utilized by A. viscolactis in a medium containing basal salts, L-proline, L-tyrosine, and lactose or glucose. This was established by the fact that total carbohydrate and total reducing activity remained constant during growth and slime production.
The chemically defined nutritional requirements for growth and slime production by Alcaligenes viscolactis have not been determined. Long and Hammer (1936) used a complex agar medium containing milk in their characterization of A. viscosus (A. viscolactis) . Nutrient agar plus 1% glucose was used by Gainor and Wegemer (1954a, b) . Jones (1954b) In connection with studies on the physical and chemical nature of the slime produced by A. viscolactis, we became interested in the nutritional requirements of this species. It is apparent that the availability of a chemically defined medium would obviate some of the problems inherent in the purification of the slime material and, in addition, facilitate studies related to its biosynthesis. With a complex medium, we were always faced with the problem of constituents of such a medium being occluded and tenaciously held in the slime, thus complicating purification. Accordingly, a study is reported on the utilization of various inorganic and organic nitrogenous compounds by three strains of A. viscolactis and the establishment of a chemically defined medium adequate for growth and slime production. In a subsequent experiment, it was observed that somewhat better growth and slime production was obtained with L-proline at 4 X 10-2 M concentration than with 2 X 10-2 M concentration; however, for L-tyrosine, L-asparagine, and L-glutamine, growth and slime production were not enhanced by increasing the concentration above 2 X 102 M. Furthermore, no significant increase or decrease in growth and slime formation occurred throughout six serial transfers at 48-hr intervals in media containing basal salts plus either L-proline or L-tyrosine. Thus, the ability of these amino acids to support sustained growth was established.
Since L-proline and L-tyrosine yielded significantly more growth and viscosity than did yeast extract, peptone, or Vitamin Free Casamino Acids (Table 1) various combinations of L-proline, L-tyrosine, L-asparagine, L-aspartic acid, and L-glutamine added to basal salts solution. It was observed that 4 X 10-2 M L-proline with 10-2 M L-tyrosine supported growth and viscosity equivalent to that obtained with 2 X 10-2 M each of the four amino acids combined. Additions of L-asparagine, L-aspartic acid, and L-glutamine to L-proline or L-tyrosine, singly or combined, did not stimulate or increase growth or viscosity.
The data in Table 1 and the above observations suggested that lactose was not required for either growth or slime production. Further evidence in support of this is shown by the data in Table 2 . As indicated, all three cultures of A. viscolactis gave equivalent growth and viscosity readings in media containing basal salts, L-proline (4 X 10-2 M), and L-tyrosine (10-2 M) with or without added lactose.
To determine whether lactose or glucose was being metabolized or utilized in some way by A. viscolactis, the following experiment was conducted. Four flasks, two containing basal salts, i-proline (4 X 10-2 M), L-tyrosine (10-2 M), and 0.5% lactose, and two containing basal salts, L-proline (4 X 10-2 M), L-tyrosine (10-2 M), and 0.5% glucose were inoculated with culture 73. One flask containing lactose and one containing glucose were incubated under stationary conditions. The other set was agitated during incubation. Preliminary studies indicated that good growth occurred but no slime was synthesized when cultures were agitated during growth. The total carbohydrate and total reducing activity were determined at zero-time and after 24 and 48 hr of incubation by use of a sample from which the cells had been removed by centrifugation at 15,000 X g for 20 min. As shown in Table 3 , the total carbohydrate and total reducing activity remained constant except for a possible slight increase in the 48-hr samples taken from the stationary flasks. This slight increase may be attributed either to the incomplete removal of the cells or to some carbo- 
DISCUSSION
These studies show that certain individual amino acids satisfy the carbon, nitrogen, and energy requirements of A. viscolactis for growth and slime production. This makes it possible to proyvide a simple, chemically defined dialyzable medium useful for study of the physiological processes of slime formation by this organism, and in obtaining relatively pure slime, uncomplicated by occluded medium constituents, for study of its chemical composition. Among the amino acids utilized, proline and tyrosine supported the most abundant growth and slime formation. It is interesting to note that milk, a common habitat for A. viscolactis, is rich in both proline and tyrosine, as are the complex additives used by previous investigators in studying this species.
The specificity of A. viscolactis for certain amino acids is reflected by the fact that only 6 of the 27 tested were actively metabolized. Furthermore, L-hydroxyproline and L-phenylalanine, structurally related to L-proline and L-tyrosine, respectively, were not utilized.
The inability of .4. viscolactis to utilize lactose and glucose either oxidatively or fermentatively under the conditions described in this study is apparent. It has been reported by other investigators that A. viscolactis uses common carbohydrates oxidatively. For example, Long and Hammer (1936) stated that lactose was utilized in the synthesis of a polysaccharide slime, although they presented no evidence that lactose was utilized or that the slime was a polysaccharide. Gainor and Wegemer (1954a, b) , Jones (1954a, b, c) , and Stamer and VanDemark (1961) used complex media containing lactose and organic nitrogenous compounds in their studies of growth and slime production by this organism. As shown in the present study, lactose or glucose was not required for growth and slime production.
Further studies are in progress to determine the physical and chemical characteristics of the slime produced by A. viscolactis.
